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Abstract – The objective of this work was to evaluate if nitrogen use efficiency (NUE) indexes can elucidate 
functional differences in nutrient uptake between the root system and tank of epiphytic bromeliads. The 
bromeliads Guzmania lingulata and Vriesea 'Harmony' received fertilizers in their tanks or through their 
roots using modified Hoagland & Arnon solution, with 0.00, 2.62, or 5.34 mmol L-1 nitrogen, as urea. After 
90 days, nitrogen contents in leaves and plant biomass were evaluated, and NUE indexes were calculated. 
Guzmania lingulata and V. 'Harmony' fertilized in their tanks with 5.34 mmol L-1 had the highest averages 
of nitrogen uptake efficiency and recovery efficiency; those fertilized with 2.62 mmol L-1 through their roots 
showed the highest averages of NUE, nitrogen utilization efficiency, nitrogen physiological efficiency, and 
biomass conversion efficiency. The NUE indexes, besides being an effective tool to assess the nutritional 
status of ornamental bromeliads, reveal that the root system of epiphytic bromeliads is functional for nitrogen 
uptake and use.
Index terms: Guzmania lingulata, Vriesea, Bromeliaceae, nutritional efficiency index, plant nutrition, root 
functionality.
Índices de eficiência do nitrogênio para avaliação da absorção e da utilização 
de nitrogênio no sistema radicular e no tanque de bromélias ornamentais
Resumo – O objetivo deste trabalho foi avaliar se os índices de eficiência de uso do nitrogênio (EUN) podem 
elucidar diferenças funcionais na absorção de nutrientes entre o sistema radicular e o tanque de bromélias 
epifíticas. As bromélias Guzmania lingulata e Vriesea 'Harmony' receberam fertilizantes nos seus tanques ou 
pelas raízes com solução de Hoagland & Arnon modificada, com 0,00, 2,62 ou 5,34 mmol L-1 de nitrogênio na 
forma de ureia. Após 90 dias, o conteúdo de nitrogênio nas folhas e a biomassa das plantas foram avaliados, 
e os índices de EUN calculados. Guzmania lingulata e V. 'Harmony' adubadas no tanque com 5,34 mmol L-1 
apresentaram maiores médias de eficiência de absorção de nitrogênio e de eficiência de recuperação; as 
adubadas nas raízes, com 2,62 mmol L-1, apresentaram as maiores médias de EUN, eficiência de utilização de 
nitrogênio, eficiência fisiológica de nitrogênio e índice de eficiência de conversão de biomassa. Os índices de 
EUN, além de serem importantes ferramentas para avaliação do status nutricional das bromélias, revelam que 
o sistema radicular das bromélias epífitas é funcional para absorção e utilização de nitrogênio.
Termos para indexação: Guzmania lingulata, Vriesea, Bromeliaceae, índice de eficiência nutricional, nutrição 
de plantas, funcionalidade das raízes.
Introduction
The morphological and physiological diversity found 
in bromeliad species allows this plant group to occupy 
a wide range of habitats. These varying characteristics 
and growth habits determine the uptake and utilization 
of nutrients by these plants, which have adapted to the 
low and intermittent nutrient supply available in the 
epiphytic habitat (Lüttge, 2010; Gonçalves et al., 2016). 
The leaves of epiphytic bromeliads with tanks – a 
natural container formed by the imbrication of leaves – 
have a high capacity to uptake nutrients, as nitrogen 
(Benzing & Renfrow, 1974; Winkler & Zotz, 2009; 
Leroy et al., 2013).
Nutrient uptake by epiphytic bromeliads, however, 
remains controversial. Some studies have reported 
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the nonfunctionality of the plant’s root system, with 
consequent transference of the uptake function to the 
leaf trichomes in the plant tank, reinforcing the basis 
of vegetative reduction in Bromeliaceae (Benzing & 
Ott, 1981; North et al., 2013; Benzing, 2015). Other 
anatomical studies on the roots of bromeliads have 
shown the presence of velamen, which is an important 
structure associated with water and nutrient uptake 
through a passive movement in the roots; this structure is 
present in several taxa of epiphytic monocotyledonous 
families, such as Orchidaceae, Bromeliaceae, and 
Araceae, representing an example of convergent 
evolution (Silva & Scatena, 2011; Dettke & Milaneze-
Gutierre, 2008; Males, 2016). The observed functional 
division between roots (plant anchorage) and tank 
(nutrient and water uptake) explains the different 
cultivation systems adopted for bromeliads.
The fertilization of ornamental bromeliads is based 
on plant habit; for example, the terrestrial and tank 
bromeliad Nidularium innocentii Lem. is fertilized 
through its roots, while the epiphytic bromeliad 
Vriesea incurvata Gaudich. is fertilized in its tank 
(Anacleto & Negrelle, 2013). As a result of these 
different cultivation practices, no consensus has been 
reached as to the contribution of either tank or root 
system to nutrient uptake by bromeliads.
Nitrogen is fundamental for biological processes in 
plants, which has aroused interest in understanding 
and increasing the efficiency in its use by plants, 
reducing losses to the environment (Kant et al., 2011; 
Franklin et al., 2017). The main source of nitrogen for 
epiphytic tank bromeliads is organic nitrogen, such 
as amino acids (Takahashi & Mercier, 2011) or urea 
(Giampaoli et al., 2017).
Nitrogen uptake can be assessed by nutritional 
efficiency indexes, which reflect physiological 
processes such as nitrogen uptake, efficiency of 
nitrate reduction, as well as nitrogen remobilization, 
translocation, assimilation, use, and storage (Fageria, 
2009). Therefore, nitrogen use efficiency (NUE) is 
an important tool to evaluate the nutritional status of 
plants, since the different parameters used to calculate 
it allow to compare and determine genotypes that make 
the best use of applied nutrients. It is also possible to 
improve management techniques to enhance plant 
production and vegetative growth (Baligar et al., 
2001; Dovale et al., 2012). Based on NUE results, the 
application of nitrogenous nutrients can be improved 
and, consequently, prevent the overuse of fertilizers, 
besides decreasing production costs and environmental 
damages (Hirel et al., 2011; Laufer et al., 2016). 
Furthermore, NUE expresses the relationship between 
plant production and applied inputs. The index is based 
on two major components: nitrogen uptake efficiency, 
which indicates the amount of nutrients absorbed 
per mass unit of dry roots; and nitrogen utilization 
efficiency, the nitrogen fraction obtained by the plant 
for conversion to total biomass. Nitrogen utilization 
efficiency is obtained by the ratio between nitrogen 
physiological efficiency and recovery efficiency; the 
first expresses the organic production, determined by 
the amount of accumulated nutrient, and the second, 
sometimes termed as nutrient acquisition efficiency, 
is the accumulative amount of nutrient in plants per 
unit of applied nutrient. Another important index is 
the biomass conversion efficiency, which expresses the 
amount of dry matter mass of shoots produced per unit 
of nutrient in the shoots (Baligar et al., 2001; Fageria, 
2009; Xu et al., 2012).
Since these indexes are interconnected, their joint 
analysis can provide an integrated assessment of 
biomass accumulation efficiency from the available 
forms and concentrations of nitrogen supplied to 
plants.
The objective of this work was to evaluate if NUE 
indexes can elucidate functional differences in nutrient 
uptake between the root system and tank of epiphytic 
bromeliads.
Materials and Methods
 Approximately six-months-old exemplars of 
commercial varieties of Guzmania lingulata Mez 
(initial measurements: 19.10 leaves, 37.40 g total fresh 
matter mass, 5.13 g total dry matter mass, and 7.37% 
foliar nitrogen; n=10) and Vriesea 'Harmony' (initial 
measurements: 20.90 leaves, 56.70 g total fresh matter 
mass, 7.09 g total dry matter mass, and 7.12% foliar 
nitrogen; n=10) were cultivated in 1.25-L plastic 
containers, with pine bark as substrate (Table 1).
The experiment was conducted in a greenhouse, 
at Instituto de Botânica, located in São Paulo, in the 
state of São Paulo, Brazil. The plants were fertilized 
twice a week with 20 mL HA solution no. 2 (Hoagland 
& Arnon, 1950), modified with 0.00, 2.62, or 5.34 
mmol L-1 nitrogen, supplied directly on the substrate 
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or in the plant tanks. The pH of the solutions was 
adjusted to 5.8. The plant tanks were drained before 
fertilization to avoid the rundown of solution from the 
tanks to the substrate.
The experiment was carried out for 90 days, and, 
subsequently, the plants were removed from the 
containers, cleaned, and separated into roots and 
shoots, which were dried in a forced-air oven at 45°C 
until reaching constant weight. Samples were subjected 
to sulfuric acid digestion and then to the semi-micro 
Kjeldahl method for total N analysis.
Nitrogen efficiency indexes were calculated as 
follows: nitrogen use efficiency, NUE (g g-1) = total 
plant dry mass/applied nitrogen (Xu et al., 2012); 
nitrogen uptake efficiency, NUpE (g g-1) = nitrogen 
uptake/dry root mass (Fageria, 1998); nitrogen 
utilization efficiency, NUtE (g g-1) = total plant 
dry mass/nitrogen content in the whole plant 
(Abbadi & Gerendás, 2015); nitrogen physiological 
efficiency, NPE (g g-1) = (total plant dry mass with 
fertilization - total plant dry mass without fertilization)/
(accumulated nitrogen with fertilization - nitrogen 
accumulated without fertilization) (Fageria, 1998); 
recovery efficiency, RE (%) = (nitrogen accumulated 
with fertilization - nitrogen accumulated without 
fertilization)/applied nitrogen (Fageria, 1998); and 
biomass conversion efficiency, BCE (g g-1) = shoot dry 
matter mass/nitrogen in the shoot (Fageria, 1998).
A completely randomized design was used, in a 
2x3 factorial arrangement (plant organ x nitrogen 
concentrations) with five plants per treatment for 
each species, totaling 60 plants. The nutritional 
efficiency indexes considered the plant organ and the 
concentration of nitrogen, and were analyzed using 
the multivariate ordination technique of non-metric 
multidimensional scaling (nMDS). The Euclidean 
distance metric index was used to analyze the two 
dimensions of the graph and considered stress ≤0.15. 
The dissimilarity between groups was tested with 
the multivariate technique of one-way analysis of 
similarity (Anosim), at 5% probability and with R<1. 
The contribution of each nutritional efficiency index to 
the dissimilarity between groups was assessed through 
the multivariate analysis by similarity percentage. All 
variables were standardized using z transformation 
prior to the analysis. The analyses were performed with 
the Past, version 2.16, statistical software (Hammer et 
al., 2001).
Results and Discussion
The nitrogen indexes of G. lingulata and V. 
'Harmony' were different when the nitrogen fertilizer 
was supplied to the plant roots or to the tank (Table 2). 
Both species, when fertilized in the tanks with 5.34 
mmol L-1 nitrogen, showed the highest NUpE and RE 
averages. When they were root fertilized, with 2.62 
mmol L-1 nitrogen, they had the highest NUE, NUtE, 
NPE, and BCE averages.
The basal part of bromeliad leaves is mainly 
involved in nitrate reduction and urea hydrolysis, while 
the apical part predominantly assimilates ammonium 
through the action of glutamate synthase and glutamate 
dehydrogenase enzymes (Takahashi & Mercier, 
2011). Studies with epiphytic bromeliads (Benzing & 
Renfrow, 1974; Winkler & Zotz, 2009; Takahashi & 
Mercier, 2011; Leroy et al., 2013) have designated the 
tank as the main organ responsible for nutrient uptake 
and assimilation. Interestingly, however, the present 
study showed that the roots of epiphytic bromeliads are 
not only functional for nitrogen uptake, but can also 
significantly contribute to the subsequent investment 
of the nutrient in biological processes, such as biomass 
increment, as shown by the NUE, NUtE, NPE, and 
BCE indexes.
The plant tanks showed higher nitrogen uptake and 
acquisition; however, they did not convert nitrogen 
into biomass as efficiently as the roots, as indicated by 
the other indexes measured. The nutrient consumption 
profile and nitrogen investment in tank-fertilized 
plants may reflect their adaptation to the natural 
Table 1. Chemical composition of the pine bark used as substrate for the evaluated bromeliads.
N P2O5 K2O Ca Mg S Moisture Organic matter Carbon Na Cu Fe Mn Zn C/N pH
--------------------------------------------------- (%) --------------------------------------------------- ----------------- (mg kg-1) -----------------
0.50 0.1 - 0.3 0.1 0.3 57.0 26.0 14.0 129 6 3677 52 13 28/1 3.50
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environment. Epiphytic bromeliads, for example, are 
slow-growing plants, adapted to environments with 
low nutritional availability (Winkler & Zotz, 2009; 
Benzing, 2015). Plants with these characteristics 
exhibit the ability to maximize nutrient uptake in 
habitats with highly-intermittent water and nutrient 
supply, a phenomenon that is termed “luxury 
consumption”. The internal transfer of nutrients to 
growing organs during periods of insufficient supply 
may allow these bromeliads to maintain growth for a 
considerable amount of time (Winkler & Zotz, 2009, 
2010). The benefits of this selective pressure allow 
the continuous growth of bromeliads, even in the 
absence of nutrients. This feature can be used as a 
competitive attribute, minimizing competition with 
other plants for limited nutrients (Benzing & Renfrow, 
1974; Winkler & Zotz, 2009; Mazancourt & Schwartz, 
2012). Remarkably, although the species selected for 
the present study are usually used as ornamentals, they 
retain characteristics formed by selection pressure in 
the natural environment.
Nitrogen supply in different vegetative organs 
probably triggers different physiological mechanisms to 
access the nutrient. Although the plants were fertilized 
with the same quantities of nitrogen in both organs, the 
roots proved to be highly efficient in the uptake of the 
element, although values of absorption and acquisition 
were higher in the tank. This might be explained by 
the fact that the tank has a more suitable morphology 
for water and nutrient uptake (Takahashi & Mercier, 
2011), which provides a direct and continuous contact 
between plants and the element. In addition, when the 
solution was applied to the substrate, it most likely 
became diluted by the time it reached the roots. It has 
been reported, for example, that more than 60% of 
nitrogen applied to the soil is lost by a combination of 
factors, such as leaching, denitrification, volatilization, 
immobilization, or microbial consumption (Kant et 
al., 2011). Moreover, substrates may pose a physical 
resistance to nutrient uptake (Baligar et al., 2001), 
when compared to tanks. Therefore, the NUpE in root-
fertilized plants might not reflect a lower efficiency in 
nitrogen uptake, but rather an increased resistance to 
nutrient uptake caused by a small amount of nitrogen 
reaching the roots, in comparison with the tank.
Root-fertilized plants also showed a higher 
investment in biomass and photosynthetic area, as 
evidenced by NUE, NUtE, NPE, and BCE. Most 
carbohydrates are allocated to the development of 
new tissues, and a greater production of new leaves 
may ensure a decrease in the translocation of these 
compounds to the root system, reducing nitrogen 
uptake rates (Eissenstat, 2007; Brunetto et al., 2016).
Table 2. Means±standard deviation of nitrogen use efficiency (NUE), nitrogen uptake efficiency (NUpE), nitrogen 
utilization efficiency (NUtE), nitrogen physiological efficiency (NPE), recovery efficiency (RE), and biomass conversion 
efficiency (BCE) of the different vegetative organs (roots or tank) of the bromeliad species Guzmania lingulata and Vriesea 
'Harmony', subjected to nitrogen fertilization with 2.62 or 5.34 mmol L-1 N, as urea.
Variable Root Tank
2.62 mmol L-1 N 5.34 mmol L-1 N 2.62 mmol L-1 N 5.34 mmol L-1 N
Guzmania lingulata
NUE 3.21±1.05 1.95±0.36 2.94±0.08 1.50±0.05
NUpE 15.12±5.45 9.14±5.37 15.29±4.70 23.13±14.53
NUtE 1.30±0.48 1.32±0.22 0.89±0.08 0.68±0.09
NPE 0.08±0.05 0.08±0.03 0.01±0.04 0.01±0.02
RE 7.41±3.39 8.54±3.45 10.54±1.73 11.46±2.40
BCE 1.14±0.43 1.08±0.10 0.76±0.07 0.59±0.06
Vriesea 'Harmony'
NUE 4.10±0.69 2.08±0.24 3.65±0.94 1.91±0.65
NUpE 7.35±8.40 3.40±0.59 5.48±1.59 9.81±4.34
NUtE 1.50±0.32 1.40±0.16 0.94±0.27 0.76±0.27
NPE 0.07±0.06 0.05±0.03 0.02±0.05 0.01±0.03
RE 9.12±2.72 6.42±3.92 17.97±9.82 18.18±11.53
BCE 1.06±0.14 0.98±0.16 0.67±0.18 0.57±0.22
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The most efficient use of nitrogen for plant growth 
was observed in plants with roots fertilized with 2.62 
mmol L-1, as shown by the higher averages of the NUE 
and BCE indexes. This result indicates that epiphytic 
plants can optimize a smaller amount of nitrogen supply 
in order to enhance biological processes. It should be 
noted that NUE indexes and their different parameters 
are commonly used to evaluate and compare genotypes 
of crop plants, such as corn (Zea mays L.), soybean 
[Glycine max (L.) Merr.], rice (Oryza sativa L.), and 
wheat (Triticum aestivum L.). Frequently, these species 
also have higher NUE values when they are cultivated 
with low concentrations of nitrogen (Kant et al., 2011; 
Franklin et al., 2017). Therefore, nutritional efficiency 
tends to decrease with increasing nutrient levels, as a 
result of diminishing returns in biomass production 
with the successive addition of the nutrient (Fageria, 
1998).
Throughout the different parameters that constitute 
NUE, homogeneous groups in the multivariate 
analysis were observed. The nMDS for G. lingulata 
(Figure 1 A) showed that the sampling units related to 
the roots were separated from those related to the tank, 
independently of the nitrogen concentration. However, 
the tank showed a better distinction between the groups 
due to its high nitrogen uptake capacity. The separation 
of groups, as presented by the nMDS diagrams, was 
significant at 0.1% probability (R = 0.36), according 
to the Anosim. The nMDS diagram for Vriesea 
'Harmony' (Figure 1 B) showed that plants with roots 
fertilized with 5.34 mmol L-1 constituted the group 
with the longest distance from the other treatments. A 
small overlap was observed between plants fertilized 
with 2.62 mmol L-1 in the tank or through the roots. 
The dissimilarity between groups was significant at 
5% probability, with R = 0.33.
The nMDS diagrams showed a homogeneous 
separation in terms of NUE, between roots and tank 
for both species. However, G. lingulata was more 
efficient than Vriesea 'Harmony' in nitrogen uptake, 
when comparing roots with the tank, suggesting that 
responses to nutrition may vary between species. 
Vanhoutte et al. (2017) reported higher nutrient and 
water uptake by Vriesea ‘Splenriet’ in the roots, 
compared with the tanks; however, Vriesea ‘Galaxia’ 
was more responsive than Vriesea ‘Splenriet’ to 
increases in the nutrient concentration in the tanks.
Figure 1. Diagram of non-metric multidimensional scaling 
(nMDS), considering the ordering of the groups formed by 
the fertilized organ (roots or tank) and by the concentration 
of nitrogen applied to the bromeliad species Guzmania 
lingulata (A) and Vriesea 'Harmony' (B). The stress value is 
the distortion between the actual data and that plotted in the 
diagram. The statistical inference of the dissimilarity among 
groups was obtained with the multivariate technique of one-
way analysis of similarity, at 5% probability and with R<1.
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Conclusions
1. The root system of the epiphytic bromeliads 
Guzmania lingulata and Vriesea 'Harmony' is 
functional and significantly contributes to plant 
nutrition.
2. The tanks of the ornamental bromeliad species 
evaluated show greater uptake and acquisition of 
nitrogen than the root system; however, they do not 
convert nitrogen into biomass as efficiently as the 
roots.
3. The tank and roots of epiphytic bromeliads should 
be considered for the evaluation of nutrient uptake, 
and the indexes used in this study provide important 
parameters to guide fertilization management.
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